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Rae Earnshaw

Abstract Discipline boundaries have been systematically developed and established
over the last century which reflect some of the perceived differences between the sci-
ence and engineering disciplines and those in the arts and humanities. However,
both internal and external factors can result in new disciplines which can arise at the
boundaries between existing disciplines, rather than within them, and may combine
different aspects of these disciplines. Some of these may be produced by exter-
nal drivers such as information technology, the Internet and Big Data. It has been
argued that innovative and creative approaches that cross disciplinary boundaries
are more effective in producing new information and new knowledge. The current
scope and priority of interdisciplinary research can be obtained by analyzing the
funding programmes of national and international bodies and agencies. Some fund-
ing programmes are looking for quicker and more effective solutions for complex
grand challenge problems. Analyses of complex information systems may require
the crossing of departmental boundaries in order to generate new knowledge. It is
recognized that obstacles to effective and sustained interdisciplinary collaborations
have the potential to arise unexpectedly. Also, social and cultural factors often come
into play when new initiatives are proposed. Mechanisms to grow interdisciplinary
research such as internal funding, networking, and training are considered. Potential
barriers to progress are also noted. Ongoing issues that remain to be addressed are
summarized.

Keywords Discipline domains · Collaboration · Creative approaches · Cultural
factors · External drivers · Complex information systems · Research metrics

R. Earnshaw (B)
Department of Computer Science, Faculty of Engineering and Informatics, University of
Bradford, Bradford, UK
e-mail: r.a.earnshaw@bradford.ac.uk

St John’s College, Durham University, Durham, UK

Faculty of Art, Science and Technology, Wrexham Glyndŵr University, Wrexham, UK
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20.1 Introduction

In 1959 Snow identified differences between the science and engineering disciplines
and those in the arts and humanities [1]. This appeared to be due to a variety of factors
including tradition, vocabulary, ways of working, and contributions to society, all of
which could be different in different disciplines and circumstances.

Critchley [2] proposed that Snow had diagnosed the emergence of two cultures
because of the loss of a common framework of understanding. Scientists and engi-
neers favoured advancement of society through technology and industry, whereas
the arts and humanities preferred intellectual and literary endeavour.

However, Gould took an opposing point of view and emphasized the commonali-
ties between science and the humanities [3]. In 1963, Snow appeared to take a more
optimistic view about the relationship between science and arts [4].

These views stem from an era when 5% or less of the population participated in
higher education, and a faculty member’s role was not subject to detailed perfor-
mance management controls by their institution. The freedom in the academy pro-
vided ample opportunity for new ideas to be developed and explored. Research grants
were relatively easy to obtain (there were fewer applicants), and there was opportu-
nity for regular publication of research results in refereed journals or monographs.
Discipline boundaries had been fairly systematically developed and established over
the previous century and these were generally respected. In addition, there was ample
new knowledge to be discovered within the existing discipline domains.

This chapter provides a landscape view of interdisciplinary research and devel-
opment and examines the areas where future progress may be made. The ways in
which the creative arts relate to this view are detailed in Sect. 20.6 of this chapter.

20.2 Development of New Disciplines

However, in the last half-century new disciplines have arisen and there has been an
acceleration of the pace of change. For example, computer science developed princi-
pally out of mathematics in the UK because of the associated interests in numerical
analysis and the requirement to use automated methods to perform the required cal-
culations. In the USA, computer science developed principally out of engineering
due to the interests in hardware and manufacturing computing devices. However,
before they emerged as separate academic disciplines with their own departments
and faculty members, they did exist along the boundary of the existing disciplines
of mathematics and engineering, respectively. The primary driver for the develop-
ment of computer science came from outside the academy in the form of the vacuum
tube computer (1940) [5], the transistor (1948) [6], and the silicon chip (1961) [7].
National governments appreciated the strategic significance of the technology not
just for scientific and business computation but also for their application to a wide
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variety of disciplines and problems, and so invested significantly in computing facil-
ities for the academy and national research laboratories. Shockley, Bardeen, and
Brattain were jointly awarded the Nobel Prize in physics in 1956 [8] for the develop-
ment of the transistor. Therefore, in its initial stages, computing was seen as part of
the natural sciences, at least in its hardware aspects. This is still the case with regard
to quantum computing, and publications from this area can appear in the journal
Nature [9], whereas those from other areas of computer science do not.

Therefore, new disciplines can arise at the boundaries between existing disci-
plines, rather than within them, and may combine different aspects of these dis-
ciplines. Oceanography is a further example of an interdisciplinary discipline as
it covers all aspects with respect to the ocean, which includes its natural compo-
nents (seawater, living creatures, and the sea bed); its currents and movements (fluid
dynamics); and modelling of the overall system (such as by finite element analy-
sis). Similarly, cognitive science draws on interdisciplinary aspects of psychology,
linguistics, philosophy, interaction, and computer analysis.

Shneiderman [10] details how innovative and creative approaches that cross disci-
plinary boundaries are more effective in producing new knowledge. In particular, he
advances the case for combining applied and basic research and a new paradigm for
interdisciplinary collaboration that puts engineering and design on an equal footing
with basic science. Thus evenwithinwell-established disciplines there are significant
opportunities for new approaches.

Pressures on funding of universities in recent years have resulted in competi-
tion between departments and between institutions. There is competition between
departments for students and competition between institutions for research funding
and league table positions. It also produced competition between disciplines that
resulted in science and engineering arguing that they were better for students and
society because they imparted skills and generated jobs, whilst arts and humanities
subjects were less useful in these respects. In some cases, it resulted in national
bodies advising students against studying arts subjects, which in turn forced some
of these academic departments to close because their institutions could no longer
afford them if they could not pay their way. Senior academics argued strongly for the
value of arts and humanities [11, 12]. However, this overall antipathy between arts
and sciences which has been somewhat artificially created has in some cases acted
against furthering the important collaborations that are needed. Therefore obstacles
to effective and sustained interdisciplinary collaborations have the potential to arise
unexpectedly. The participants need to have the perspectives and resources to be able
to deal with them.

Further information on the advantages and disadvantages of interdisciplinary
research are detailed in [13].
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20.3 Acceleration of the Pace of Change

Friedman [14] identifies three principal components that are accelerating change

(i) Market
(ii) Nature
(iii) Technology

The market includes the effects of globalization and political tribalism. Nature
includes climate change. Technology includes the Internet and the increasing power
and reducing costs of computational facilities. All of these act as powerful forces
and they act in parallel. Their combined effect can cause severe disruption. Society
needs to be able to adapt and respond to the changes that these forces represent.Many
disciplines and applications use the Internet as a delivery service, to access Cloud
storage, a computational resource, or a marketing medium, and therefore become
subject to its accelerating effects. One Internet year is said to be equivalent to seven
calendar years [15]. One effect of the Internet has been to break down traditional
barriers. Formerly research teams were co-located with their departments, but today
the Internet can be used to facilitate collaboration across departments and countries
with equal facility. This can result in a greater sharing of ideas and results. Therefore
the potential for interdisciplinary collaboration is substantial, and the Internet can
act as an external driver of change in the same way that the silicon chip inaugurated
the computer revolution.

Many institutions and organizations are increasingly recognizing the need to ana-
lyze large data sets. This can arise in the context of experiments, sensors, simula-
tions, and the user data gathered by social sciences and social media companies.
In the academy, such data is often concentrated in a centralized Data Center, with
associated expertise on hand to advise on data collection and data analysis. They
are often resourced centrally by the academy as they are regarded as an investment
to support all disciplines. Such central resources also offer graduate courses (e.g.,
Masters, Ph.D.) in the various areas of Big Data and its applications. Thus, Data
Centers can have the direct effect of encouraging and facilitating cross-disciplinary
collaborations. Therefore, the rise of Big Data, rather like the rise of the Internet, has
become a significant internal and external driver which forces researchers involved
in this area towards interdisciplinary collaborations.

It is clear that interdisciplinary working is not just a matter of the right structures
and appropriate facilitation. Social and cultural factors also come into play [16].
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20.4 Interdisciplinary Research Funding and Research
Priorities

An indication of the scope and priority of interdisciplinary research (IDR) can be
obtained by analyzing the funding programmes of national and international bodies
and agencies. Included in this analysis are the National Science Foundation (NSF)
in the USA, the European Union, and the UK funding agencies.

20.4.1 National Science Foundation (NSF)

NSF states the priority it gives to interdisciplinary research in terms of advancing
scientific discovery and extending the fields of knowledge [17–19]. It also supports
interdisciplinary training in order to enable the recipients to be able to address current
problems in innovative ways [17, 18].

The following challenges were identified [18]:

• Collaboration across people with different backgrounds and cultures
• Extra time needed to build consensus and learning new methods
• Traditions and policies tend to allocate resources to traditional areas
• Professional societies could assist more by active support of interdisciplinarity
• Ensure the peer review process including interdisciplinary researchers.

Potential lessons from industry and national laboratories were as follows [18]:

• Industrial and national laboratories are generally organized to address the
problems

• Management is more top-down than in the academy
• There is potential for greater collaboration between the academy and industry.

20.4.2 European Union

A report to the European Union (EU) on interdisciplinary research in the context of
ERA and Horizon 2020 identified a number of reasons why this should be a priority.
This included the following [20]:

• Faster solutions are needed for grand challenge problems
• Engage in problem-driven approaches
• Exploit disruptive innovation
• Bridge the gap between research communities.
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The report also outlined the potential effects of interdisciplinary research [20]:

• Trigger innovation
• Add value to the disciplines
• Solve complex real-life problems
• Bring about discoveries outside traditional disciplines
• Change established research perspectives and paradigms
• Achieve impact.

The following enablers were identified for interdisciplinary research and devel-
opment [20]:

• Resourcing of people, time, and space
• Providing targeted funding
• Developing interdisciplinary skills and practices
• Triggering of appropriate social and cognitive dynamics between researchers
• Ensuring undergraduate students receive a grounding in different disciplines
• Facilitating an understanding of different scientific vernaculars.

The EU has also explored the reasons for the support of interdisciplinary research
in disruptive technologies [21].

20.4.3 UK

Research England was set up as a Council of UK Research and Innovation by the
Higher Education and Research Act 2017 [22]. It exists and alongside the other
existing Councils (the seven Research Councils [23] and Innovate UK [24]). One of
its functions is to evaluate the extent to which interdisciplinary research and devel-
opment. It includes including cross-disciplinary, multi-disciplinary, interdisciplinary
and transdisciplinary activity.

A number of reports on interdisciplinary research (IDR) have been undertaken by
various bodies in the UK. Each body has particular interests to do with their mission,
so each report is oriented to their objectives. However, taken together the reports

• highlight a range of barriers and incentives for interdisciplinary research (IDR)
in the UK

• explore the challenges associated with assessing interdisciplinary research
• provide some real-world examples of ‘what works’ in supporting an IDR culture

in today’s higher education research institutions [25].

These are now summarized.
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20.4.3.1 The British Academy

The Executive Summary of ‘Crossing paths: Interdisciplinary institutions, careers,
education and applications’ by the British Academy noted the following [26]

• Requests for evidence identified a broad support of interdisciplinary research
• Essential for addressing complex problems and global social challenges
• Enhances understanding of the separate disciplines.

20.4.3.2 Global Research Council

A Survey Report for the Global Research Council (GRC) in 2016 noted the role and
importance of IDR, the right conditions for establishing interdisciplinary working;
assessment, evaluation, and measurement; careers, training, and recognition; and
produced a number of recommendations including the following [27]:

• Better sharing of best practice
• The identification of grand challenge problems
• The provision of funding support over adequate time frames
• The provision of physical and social space
• Fair review processes
• Appropriate end of project evaluation metrics
• Training and capacity building
• Improving awareness of the value and importance of IDR.

20.4.3.3 Review of the UK’s Interdisciplinary Research

A review of the UK’s interdisciplinary research using a citation-based approach was
undertaken for HEFCE and MRC by Elsevier. In order to assess interdisciplinarity,
the diversity of article bibliographies was studied in eight comparator countries for
the period 2009–13. The principal conclusions were that interdisciplinary activity
was growing in the UK; it has an international collaboration component, and the
academy was a principal contributor [28]. It also noted a lower citation impact for
interdisciplinary research.

20.4.3.4 Landscape Review

A landscape review of interdisciplinary research in the UK identified some potential
areas where new stakeholders could promote suitable conditions for interdisciplinary
research to develop [29].
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20.4.3.5 Case Study Review of English Higher Education Institutions
(HEIs)

A Case Study review by Technopolis identified a number of ways of organizing IDR
such as [29]

• Co-location of researchers
• Researcher networks across subject areas, departments or faculties
• Researcher-led (‘bottom-up’) and/or strategic institutional (‘top-down’)

approaches
• A thematic or generic focus for IDR
• Support for high-quality research in general, not specifically for IDR.

It also suggested ways of growing IDR such as seed corn funding, network-
ing events, improving the skills base by appropriate Masters courses and Ph.D.
programmes [29].

20.4.3.6 Team Science in Biomedical Research

A report to the Academy ofMedical Sciences in 2016 summarized the characteristics
of team science including benefits and challenges, reward and recognition, and career
progression [30].

An assessment of progress was done in 2019 [31].

20.4.3.7 Arts and Humanities Research Council

The Global Challenges Research Fund (GCRF) is a 5-year £1.5bn fund and a key
component in the delivery of the UK Aid Strategy: tackling global challenges in the
national interest. The funding was for 1 December 2018 onwards [32]. The objective
includes interdisciplinary research excellence.

20.5 Interdisciplinary Research and Development
in the Creative Arts

20.5.1 Introduction

The continued increase of processing power, data storage, telecommunications band-
width, and display screen resolution provide greater opportunities for handling new
types of users and applications. It also increases the ubiquity and facility of compu-
tational devices in terms of mobility and user interfaces, whether utilized directly by
designers, audiences, users, or embedded in the application environment.
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Art and design have a long history in antiquity. They have shaped the values,
social structures, communications, and the culture of communities and civilizations.
The direct involvement of artists and designers with their creative works has left a
legacy enabling subsequent generations to understand more about their skills, their
motivations, and their relationship to the wider world, and to see it from a variety
of perspectives. This in turn causes the viewers of their works to reflect upon their
meaning for today and the lasting value and implications of what has been created.

Some historical examples of art and design were able to use semi-automated
methods for creation, particularly where large areas of a canvas or model needed
to be filled in. However, it was only with the advent of modern technology that the
advantages of harnessing digital techniques were able to be exploited. One of the
earliest examples was the Architecture Machine [33] designed and implemented at
theMassachusetts Institute of Technology (MIT). The objective was to enable digital
technology to assist the user with design tasks, particularly those at large and small
scales,where itwas known that designers had particular challenges and difficulties. In
addition, the computer was able to store data and reproduce designs, thus facilitating
the speed-up of the iterative process towards a final design which met the objectives
of the designer and the requirements of the client [34]. It also enabled the aesthetics of
the design to be seen at the design stage within the wider content of the environment
in which it was to be placed. This was subsequently extended using virtual reality
technology to enable prospective users of the building to perform ‘walk-throughs’
within the created space and understand how it would work in practice in terms of
logistics, to ensure it was fit for the purpose. Materials and implementation costs
could also be optimized at the design stage.

More recent examples of artists and designers interacting with technology include
the use of the iPad to produce sketches of scenes which were subsequently grouped
into a montage to give a large wall display containing multiple images [35]. Mobile
phones with high-resolution screens are being used to produce art works and com-
municate them via social media networks [36]. Art installations have also harnessed
modern technology both to process information and to display it. Such environ-
ments have proved useful in engaging users and visitors with real-time images and
interactive art.

Collaborative design has enabled the sharing of information across digital net-
works to produce designed objects in virtual spaces. Augmented and virtual reality
techniques can be used to preview designs before they are finalized and implemented.
Ancient andmodern art and design environments illustrate the design and implemen-
tation processes involved, and the opportunities for collaborating and interactingwith
other artists and designers.

There are also increasing opportunities for artists to use their skills and exper-
tise to illuminate the latest discoveries in science and technology [37, 38]. There is
increasing interest in extracting meaning from very large data sets, which in turn
requires effective methods of analysis and presentation of the results. Science and
technology are also able to contribute increasingly to the arts, either as a compo-
nent of the artistic output, or part of the methodology used to produce the output.
In addition, the traditional boundaries between arts and technology are becoming
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blurred due to the way computing technology is being embedded into the everyday
environment in a seamless way, and the use of social media which enables a greater
degree of involvement and sharing by the community. Social media can open up new
dimensions of interaction and participation in both the arts and the sciences [34].

20.5.2 Contributions of Technology to the Creative Arts

Technology contributes to the creative arts by providing tools, interfaces, facilities
for collaboration, access to data, as well as a range of software for a variety of
applications. Such facilities may also include artificial intelligence and machine
learning techniques. Telecommunication networks enable artists to participate in
communities and collaborate with other artists on joint projects. Exhibitions can
be displayed on the Internet and allow local and remote audiences to participate
and interact with the project and each other. Such environments can also be used
for a variety of applications including simulation, planning, theatre rehearsal, and
entertainment, such as computer games [39–42].Excellent artistic skills are important
for the generation of the scenes for effective gameplay.

Artistic works may use digital methods to produce digital art [43]. Computer
games may be considered as a particular kind of digital art as they use computer
technology and associated software to produce the game.

20.5.3 Contributions of the Creative Arts to Technology

The creative arts have made contributions to Renaissance Teams, the design of tech-
nology, and the effective incorporation of technology into the wider environment.
Artists have been able to contribute to scientific analysis and enable new results to
be produced [44, 45]. Such Renaissance Teams can stimulate creativity and produce
new knowledge [46] in way that would be very difficult, if not impossible, for a single
artist to do on their own. SciArt is a term used to describe the artistic contributions
that can be made to scientific investigations [47].

Technology companies give increasing attention to the aesthetics, usability, and
engagement of the devices that they create (e.g., Apple [48, 49]).

An example of the analysis of cultural artefacts by computer is the Digital
Michelangelo Project at Stanford University [50, 51]. Its objectives were to advance
the technology of 3D scanning and to create a long term digital archive of significant
cultural artefacts in Italy. These archives were made generally available over the
Internet.



20 Interdisciplinary Research and Development … 383

20.6 Methodologies for Identification and Assessment
of Research

A number of methods to evaluate research are being used by institutions and national
bodies. These include journal quality (such as by impact factor and internationality),
paper citation rates, impact factors, H-indices of the individuals and departments, and
altmetrics. The UK Research Excellence Framework (REF) also has international
representation on its evaluation panels in order to provide externality, and to seek to
align internal review processes with externally accepted standards.

A number of difficulties and challenges arise in seeking to extend these methods
of assessment within single disciplines to research delivery across a number of dis-
ciplines. Identification and assessment of interdisciplinary research are summarized
in a consultancy report [52], which noted that different metrics can produce different
results [53].

20.7 Conclusions

20.7.1 Ongoing Issues

Although interdisciplinary research has been identified as a priority by NSF, EU, and
the UK, and resources have been identified to give grant and infrastructure support,
the following ongoing issues remain to be fully addressed

(1) Strong discipline silos are still the norm in higher education and graduate
research and there seems to be little inclination to change apart from a rela-
tively small number of institutions such as Arizona State University [54–56]
and Pohang University of Science and Technology (Postech) [57].

(2) External examiners who adjudicate on Ph.D. theses would not normally have
interdisciplinary experience and expertise sufficient to give an appropriate and
fair evaluation of an interdisciplinary thesis.

(3) Graduate students can feel that an interdisciplinary project may be too risky,
and also may have an uncertain outcome.

(4) Budget structures in higher education are often ring-fenced around specific
disciplines. It can also be difficult to allocate part of the budget across an internal
boundary.

(5) Interdisciplinary research appears to be mainly stimulated by external drivers
such as information requirements or technology developments. These drivers
often require new ways of working. This results in interdisciplinary research
operating in reactive mode rather than seeking to advance proactively according
to a detailed agenda.
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(6) Moving away from a traditional discipline into a new area can still be perceived
as risky due to the inertia in the academy, the difficulty of applying research
metrics to new areas, and uncertainty about the future of the new discipline.

(7) Increasing competition for grant funding and funding within institutions, can
force review bodies to be more conservative and only allocate funding to well-
established areas, when such funding is limited.

20.7.2 Enablers for Collaboration Between the Arts
and the Sciences

Traversing the boundaries between disciplines can be a challenge. However, recent
developments have brought about a number of enablers. Firstly, the Internet has pro-
vided a greater ease of communication across disciplines and between researchers.
It has also flattened organizational hierarchies to some degree, which in turn has
reduced the traditional barriers between existing disciplines. Secondly, the model
of Renaissance Teams [58] has proved useful in bringing together interdisciplinary
groups of researchers with complementary expertise sets and defined goals. Thirdly,
there have been significant successes in the application of information technology to
the arts and humanities (for example, in the digitization of ancient manuscripts and
artefacts). Fourthly, art and design have been successfully applied in support of the
creative processes involved in generating new technology products and services, and
in the presentation of scientific results. Fifthly, the increasing amounts of data being
generated by research projects have resulted in the establishment of Data Science
Centers within the academy, with teams of faculty and researchers brought together
from various disciplines. Sixthly, grant funding bodies are increasingly focussing on
larger initiatives often traversing different disciplines and countries (e.g., European
Union grants) so require personnel to work together on advanced research and devel-
opment. In addition, creative and artistic cooperation has demonstrated the benefits
for all parties. All these factors make interdisciplinarity more the norm for the future
and can generate a level of momentum and validity which provide reassurance and
support for new researchers who wish to enter the area.
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